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The vertical distribution of many organisms in the intertidal zone is governed 
by their ability to tolerate the stresses of exposure (Stephenson and Stephenson, 
1949: \\ ilbur and Yonge, 1964). Desiccation, one of these stresses, is a dominant 
factor influencing distribution (Stephenson. 1942). An organism inhabiting 
higher levels of the intertidal zone must tolerate longer periods of desiccation than 
an organism inhabiting lower levels. 

Broekhuysen (1940) investigated the role of desiccation in controlling the 
vertical distribution of six species of intertidal gastropods of the genera Littorinci, 
Thais, Oxystcle, and Cominella. Results of his laboratory experiments indicated 
that species inhabiting higher levels tolerated greater body water loss before death 
than species inhabiting lower levels. I le concluded that species from higher 
levels were least sensitive to desiccation. Davies (1969) studied limits of tolerance 
to desiccation in the limpet Patella vuhjata. He found that high intertidal speci¬ 
mens of P. vuhjata were tolerant of a greater loss of body water than low inter¬ 
tidal specimens. He concluded that, within a species, specimens from higher 
levels were more tolerant of desiccation. 

Other investigators have shown the same interspecific and intraspecific varia¬ 
tion in tolerance of desiccation between organisms found high and low in the 
intertidal zone (Colgan, 1910; Gowanloch and Hayes, 1926: Allanson, 1958; 
Brown, 1960; Davies, 1965). 

Intertidal organisms exhibiting a high tolerance of desiccation possess be¬ 
havioral, physiological or morphological characteristics which are adaptive. In 
limpets, size and shape of the shell are characteristics which have been correlated 
with tolerance of desiccation. In P. vuhjata, Orton (1952) observed that steeper 
shells were predominant among those from lower levels. Davies (1969) observed 
the same phenomenon in P. vuljata. He stated that steeper shells were adaptive 
because the smaller circumference per unit volume reduced the amount of water lost 
between the edge of the shell and the substrate. 

Body size has also been related to tolerance of desiccation in limpets. Lewis 
(1954), Frank (196)5), Glynn (1965), and Blackmore (1969) found that large 
limpets were most numerous at upper levels of the intertidal zone and small limpets 
were most numerous at lower levels. Davies (1969) determined that rate of 
body water loss varied inversely with size in P. vuhjata. Larger limpets could 
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inhabit tipper intertidal levels because they lost body water less rapidly. Shotwell 
(1950) however, found smaller limpets more numerous in the upper intertidal 
levels, with large individuals restricted to lower levels, ile attributed this to 
relatively greater storage space for water between the shell and mantle in small 
limpets. 

The size distribution of limpets in the intertidal zone is not always correlated 
with tolerance of desiccation. Sutherland’s (1970) study of the population dy¬ 
namics of Acmcica scabra showed that lower population density of limpets in the 
upper zone resulted in a more rapid growth rate and a population of larger 
limpets. In the lower zone, however, high population density restricted growth 
and the limpets were smaller. In addition to promoting rapid growth, the lower 
density of the upper zone resulted in a lower mortality rate than the lower zone. 

The vertical distribution and its relation to tolerance of desiccation in the 
New England limpet, Acmaca tcstiidincilis has never been reported in the literature. 
This species, which ranges from Labrador to Connecticut, inhabits the rocky sub¬ 
strata of exposed shores (Miner, 1950; Russell Hunter and Brown, 1964). I 
have observed that its vertical distribution, in Maine, extends from 1.0-1.5 m above 
mean low water, into the subtidal area. 

The purpose of this study was to determine if A . tcstiidincilis, like other 
limpets, shows intraspecific differences in tolerance of desiccation, those in¬ 
habiting the upper levels of the vertical range presumably being most tolerant 
of desiccation, and those from the subtidal area least tolerant, and whether limpets 
which are most tolerant exhibit any significant differences in shell shape or size. 

Materials and Methods 

Limpets from three contrasting habitats were compared in this study: (1) a 
vertical rock face group (YRFG), (2) a tide pool group (TPC), and (3) a 
subtidal group (SG). Specimens were collected from two intertidal habitats and 
one subtidal area along the west shore of Schoodic Peninsula, Hancock County, 
Maine, (44° 22'N, 68° 04AY) on September 20 and October 16, 1969. Limpets 
collected from vertical rock faces were found approximately 0.5-1.5 m above 
mean low water. Specimens collected from tide pools were found near mean low 
water level, and those obtained subtidallv were found approximately 2.0-4.0 m 
below mean low water. 

Collections from vertical rock faces and tide pools were made at low tide by 
wading, and from the subtidal habitat by SCL T BA diving. Approximately 360 
specimens were collected from each habitat, each day, except that only 270 speci¬ 
mens could he obtained from the tide pools on October 16. Individuals were re¬ 
moved from the substrate by inserting a thin spatula blade under the foot and 
prying gently. Individuals with damaged shells were discarded. Specimens were 
placed in plastic bags containing sea water, placed on ice, and taken to the labora¬ 
tory within 12 hours. 

Two laboratory experiments were conducted in which limpets from each 
habitat were subjected to periods of desiccation. The specimens collected on 
September 20 were used in experiment (1). Those collected on October 16 were 
used in experiment (2) which was identical to experiment (1) except for dif¬ 
ferences in the number of specimens used, as noted below. A total of 360 speci- 
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mens from each habitat was placed, 20 specimens per dish, in 18 dry, plastic 
petri dishes, 14.0 cm in diameter. As a control, 60 specimens from each habitat 
were covered with artificial sea water at 15° C (the sea water temperature at 
the collecting site on September 20). The sea water was changed every 24 hours. 
Five groups, each containing 60 specimens from each habitat, were left uncovered 
and subjected to desiccation at temperatures ranging from 19.5 to 21° C, the sea¬ 
sonal air temperature. Because only 270 specimens were obtained from the tide 
pools on October 16, a control group and five other groups, each containing 45 
limpets, were used in experiment (2). Fifteen specimens were placed in each 
petri dish. 


Table I 


Number and per cent of limpets from vertical rock face , tide pool and subtidal 
habitats , surviving desiccation at six time periods 



Vertical rock face 

Tide pool 

Subtidal 

Time 
in hours 

Experiment 1 

Experiment 2 

Experiment 1 

Experiment 2 

Experiment 1 

Experiment 2 


Xumber 
of 60 

% 

Number 
of 60 

% 

Xumber 
of 60 

% 

’ Number 
of 45 

% 

Xumber 
of 60 

% 

Number 
of 60 

% 

0 

60 

100 

39* 

98 

59 

98 

45 

100 

60 

100 

60 

100 

12 

57 

95 

60 

100 

51 

85 

41 

91 

60 

100 

54 

90 

24 

33 

55 

49 

82 

7 

12 

11 

24 

27 

45 

14 

23 

36 

8 

13 

10 

17 

1 

2 

0 

0 

2 

3 

4 

7 

48 

1 

2 

4 

7 

0 

0 

0 

0 

0 

0 

0 

0 

60 

0 

0 

0 

0 

0 

° 1 

! ° 

0 

0 

0 

0 

0 


* Number surviving of 40. 


Each of the five groups was desiccated for a specific time period: 12, 24, 36, 
48, or 60 hours. At the end of the desiccation period, each group was covered 
with 15° C sea water and refrigerated at 15° C for 24 hours, after which it was 
examined for survivors. The control group was examined at the same time as 
the group which had been desiccated for 60 hours. The criterion for determining 
survival was movement of the foot in response to mechanical stimulation. This 
method was used successfully by Brown (1960) for six species of gastropods. 

In experiment 2, five dead specimens were counted in one of the three petri 
dishes from the YRF control group. The high mortality in this dish was 
attributed to a build-up of fecal matter around the specimens. This occurred be¬ 
cause of a failure to change the sea water in this particular dish for 48 hours. 
Data obtained from this dish were omitted from the results. 

Per cent survival data from the two desiccation experiments were analyzed 
statistically using the IBM 360 computer at the University of Maine Computing 
Center in Orono. A randomized block design analysis of variance and a Duncan’s 
multiple range test (P = 0.05) were used to determine if survival decreased 
significantly with increased desiccation time. The two analyses described above 
were also used to determine whether limpets from one habitat group survived 
better than those from the other groups during any of the desiccation time periods. 
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An analysis of variance with interaction and a Duncan’s test (P = 0.05) were 
used to determine whether any group showed significantly greater overall survival. 

Length, width and height of each shell were measured to the nearest 0.05 mm 
with dial calipers. Length (L) was designated as the maximum distance from 
the anterior to the posterior shell margin, width (\Y), the maximum distance 
between the lateral shell margins, and height (II), the vertical distance from 
the ventral margin to the apex of the shell. In addition, the degree of steepness 
[S = 2H/(L + \Y) ] and the degree of roundness (R = \Y/L) was determined 
for each shell. Both equations were used by Orton (1932) for P. vulgata. 

The shell measurements were analyzed statistically to determine whether shells 
from the three habitats differed significantly in size and shape. A randomized 
block design analysis of variance and a Duncan’s multiple range test (P = 0.05) 
Were used. 


Table II 

Mean shell characteristics of limpets from vertical rock face , tide pool 
and sub tidal habitats , P = 0.05 


Habitat 

group 

Mean 

length 

(mm) 

Mean 

width 

(mm) 

Mean 

height 

(mm) 

Mean 

steepness 

Mean 

roundness 

Vertical 

18.73 

14.24 

5.87 

3.55 

7.68 

Tide Pool 

14.58 

11.03 

4.45 

3.46 

7.60 

Subtidal 

17.82 

14.42 

5.37 

3.33 

8.07 


Results 

Dcssication experimen ts 

As the length of the desiccation period increased, the number of limpets .sur¬ 
viving decreased (Table I). Results of the statistical analysis showed that the 
mean per cent survival of the three habitat groups combined, at each time period, 
decreased significantly as desiccation time increased. Per cent survival under 
constantly submerged conditions (0 desiccation time) ranged from 99 to 100%. 
There was no survival in any of the three groups after 60 hours of desiccation. 
No specimens from the TPG and SG survived desiccation for 48 hours but a 
small per cent of the specimens from the YRFG were able to survive desiccation 
for 48 hours. 

The per cent survival of the three groups did not differ significantly at 0, 48, 
and 60 hours of desiccation. At desiccation periods of 12, 24, and 36 hours, the 
YREG had significantly greater per cent survival than the TPG. At 24 hours of 
desiccation, per cent survival of the YRFG was significantly greater than both 
TPG and SG. TPG and SG did not differ significantly at any time period. 

The mean per cent survival of six time periods, determined for each of the 
habitat groups as part of the analysis of variance test, was 46.9% for the YRFG, 
26.1% for the TPG, and 35.4% for the SG. The per cent survival of the YRFG 
was significantly greater than both the TPG and SG, and the mean per cent 
survival of the SG was significantly greater than the TPG. Fifty per cent survival 
occurred between 12 and 24 hours of desiccation for the TPG and SG, and 
between 24 and 36 hours for the YRFG. 
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Shell measurements 

Mean length, width, height, steepness, and roundness are listed for each habitat 
group in Table II. The mean length and width of tide pool specimens were sig¬ 
nificantly smaller than the mean length and width of the YE EG and SG. There 
was no significant difference in mean length or mean width between the YE EG 
and SG. The mean height of tide pool specimens was significantly smaller than 
the mean height of the YE EG. There was no significant difference in mean 
height between the YEFG and SG. There were no significant differences in 
mean steepness or mean roundness between any of the three habitat groups. 

Discussion 

Several studies of the tolerance of intertidal gastropods to desiccation have 
shown that such tolerance was correlated with habitat level in the intertidal zone 
(Colgan, 1910; Gowanloch and Hayes, 1940; Davies, 1969). Individuals of a 
species inhabiting a high level tolerated desiccation better than low level individ¬ 
uals of that species. This study showed that in the limpet, A. tcstudinalis , 
tolerance of desiccation was not a characteristic only of specimens from the 
upper level of its vertical range. Specimens collected from upper level vertical rock 
faces and from lower level subtidal areas were more tolerant of desiccation than 
specimens collected from tide pools which were at an intermediate position. 

This study showed that tolerance of desiccation in the three habitat groups 
was related to the size of the organisms. Mean shell sizes of limpets from the 
vertical rock faces and subtidal habitat were significantly greater than those of 
limpets from tide pools. The data regarding differences in shell size between 
limpets from the vertical rock face habitat and those from the tide pools are in 
agreement with data of Das and Seshappa (1948) who reported that small-sized 
P. vulgata could not tolerate exposure to desiccation, and only large-sized speci¬ 
mens of P. vulgata were found under conditions of exposure. In contrast, the 
results of my study do not support those of Segal (1956) and Shotwell (1950). 
Segal (1956) found that large and small Acmaea Umatula were equally tolerant of 
desiccation. Shotwell (1950) observed that smaller specimens of Acmaea pelta , 
A. mitra, and A. scutum were more tolerant of desiccation than larger limpets. 

Several studies have shown that a steep shell in limpets retards water loss 
and increases tolerance of desiccation (Orton, 1932; Moore, 1958; Ebling, Sloane, 
Ditching and Davies, 1962; Jobe, 1968). Davies (1969) found that individuals 
of P. vulgata. inhabiting areas of exposure to desiccation had steeper shells, while 
those in damp areas had flat shells. He concluded that the relatively smaller 
circumference of the steeper shells resulted in a smaller surface area through 
which water was lost. 

This study showed that in A. testudinalis , unlike P. vulgata , a steep shell with 
a small circumference was not characteristic of limpets which were most tolerant 
of desiccation. Statistical analyses of measurements of shell steepness and round¬ 
ness showed no significant differences in shell shape in any of the three habitat 
groups. 

Two tentative conclusions can be made regarding the origin of the size dis¬ 
tribution pattern in A. testudinalis. Both require further investigation to sub- 
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stantiate. The first conclusion is based on an assumption that small limpets in 
tide pools are young, and larger limpets in the habitats above and below this level 
are older. The predominance of young limpets in the tide pools would then sug¬ 
gest that the larvae of A. tcstudinalis settle here and migrate outward as they ma¬ 
ture. The larvae may settle on rock surfaces which are exposed at low tide, 
or subtidally, but do not survive in these habitats. Small limpets are herein 
shown to be least tolerant of desiccation. They may also be more vulnerable 
to predators such as sea stars which occur subtidally. Blackmore (1969) stated 
that population pressure caused the outward migration of maturing P. vuljata 
from larval settling areas low in the intertidal zone. Population pressure might 
also cause the outward migration of A. tcstudinalis from tide pools. 

A second explanation of the size distribution pattern in A. tcstudinalis is pro¬ 
posed on the basis of Sutherland’s (1970) study of the population dynamics of 
A. scabra. He concluded that size distribution in this species was determined by 
population density. Low recruitment of limpets in the tipper zone, resulting in low 
population density, permitted the limpets to grow faster and larger at this level. 
In the lower zone, high recruitment and resultant high population density inhibited 
growth. A study of the population dynamics of A. tcstudinalis may reveal a 
similar relationship between size distribution and population density. Perhaps 
larger numbers of larvae settle in tide pools than above and below this level. Re¬ 
sulting lower population densities in the vertical rock face and subtidal habitats 
may promote more rapid growth, hence populations of larger limpets at these levels. 

The VETO and SG showed some differences in ability to survive desiccation. 
Per cent survival of tbe YKFG was greater than that of the SG at desiccation 
periods of 12 through 48 hours. (Table 1). This difference was consistent 
although it was significant only at 24 hours. Fifty per cent survival in the YRFG 
occurred between 24 and 36 hours, while that for the SG occurred earlier, be¬ 
tween 12 and 24 hours. Yean per cent survival for the YRFG was significantly 
greater than the SG. These differences in survival could not be correlated with 
any differences in size or shape. The factor responsible for the greater degree 
of survival in the YRFG mav have been physiological. Davies (1969) reported 
that specimens of P. vuhjata inhabiting the high intertidal zone were better able 
to limit the rate of bod) water lost tinder desiccated conditions than specimens 
from the low intertidal zone. 

The limpets collected from vertical rock faces were found between 0.5 and 1.5 
m above mean low water, the upper limit of the intertidal range of this species, 
where they would be exposed to a maximum of six to eight hours of desiccation 
on a low tide. Most YRF specimens tested in these experiments were able to 
survive at least 12 hours. The limpets collected subtidally and from tide pools 
were never subjected to desiccation in these habitats, yet a high percentage were 
able to survive 12 hours under experimental conditions. 

Thus other factors probably interact with desiccation to limit the distribution 
of A. tcstudinalis. Other studies have indicated that desiccation alone does not 
determine the tipper limits of an intertidal species (.Stephenson, 1942; Test, 
1945; Davies, 1969). Temperature, wind and degree of insolation may lower an 
organism’s tolerance of desiccation (Stephenson, 1942). Grazing gastropods, with 
a strict food preference, may be limited to a lower habitat by tbeir algal food 
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supply which jjrows at a lower level (Test, 1945). Davies (1969) found that the 
upper limit of the range of P. vuhjata was below that which would cause lethal 
water loss. He suggested that there was a balance between amount of body 
water lost on exposure and the time required to recover this water when the 
limpet was submerged during the next high tide. Further study is necessary to 
determine the factors which may interact with desiccation to limit the vertical 
distribution of A. testudiiialis. 


T am grateful to Dr. John H. Dearborn for his encouragement and guidance. 
I wish to thank l 7 . Julian Fell and Richard L. Turner for assistance in collecting 
limpets. Airs. Madeline Alexander and Air. Wayne Persons of the University of 
Maine Computing Center provided help with the data analysis. Part of this 
research was supported by a National Science Foundation Graduate Traineeship 
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Summary 

1. This study examined tolerance of desiccation in the limpet, A. testudiiialis, 
collected from two intertidal habitats, vertical rock faces and tide pools, and one 
subtidal area on Schoodic Peninsula, Hancock County, Alaine. 

2. The results of two laboratory desiccation experiments showed that sub- 
tidal limpets and those from vertical rock faces were more tolerant of desiccation 
than those from tide pools. 

3. Greater tolerance of desiccation was related to the size of the organisms. 
Mean shell sizes of subtidal limpets and those from vertical rock faces were sig¬ 
nificantly larger than those of limpets from tide pools. 

4. Shell shapes of limpets from the three habitat groups did not differ sig¬ 
nificantly, which showed that differences in tolerance of desiccation were not 
related to differences in shell shape. 

5. Limpets from vertical rock faces showed a slightly greater tolerance of 
desiccation than those from the subtidal area. 

6. The size distribution of limpets on Schoodic Peninsula suggests either that 
larvae of this species may settle in tide pools and migrate outward to exposed 
intertidal and subtidal habitats as they mature, or that population density in 
each habitat determines the rate and limits of growth of the resident limpets. 

7. This species tolerated more desiccation than it would be required to with¬ 
stand in its natural habitat. Desiccation must act with other factors in deter¬ 
mining the upper limit of the distribution of this species. 
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